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(54) Light beam scanning apparatus for use with image forming apparatus 



(57) tn a digital copying machine using a multi- 
beam optical system, a light beam position detector (38) 
situated on a line extended from the surface of a photo- 
sensitive drum detects the passing position of each light 
beam scanned by a polygon mirror rotated by a polygon 
motor (36). A CPU (51) calculates control amounts for 
galvanomirrors (33a to 33d) by using a beam position 
detector output processor (40), on the basis of the 
detection result of the beam position detector. Based on 
the calculated control amounts, galvanomirror drive cir- 



cuits (39a to 39d) drive the galvanomirrors (33a to 33d), 
thereby to control the positions of the beams in a sub- 
scan direction. The passing positions of the beams can 
be precisely detected with no special precision in 
assembling the optical system. In addition, the positions 
of the beams in the sub-scan direction can be controlled 
at predetermined positions, even if some change occurs 
in the structure of the optica! system due to a variation 
in ambience or a variation with the passing of time. 
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Description 



The present invention relates to a light beam scan- 
ning apparatus for simultaneously scanning and expos- 
ing a single photosensitive drum with a plurality of laser 
beams, thereby to form a single electrostatic latent 
image on the photosensitive drum, and an image form- 
ing apparatus such as a digital copying machine or a 
laser printer using the light beam scanning apparatus 

In recent years, various digital copying machines 
have been developed in which image formation is per- 
formed by scanning and exposing with a laser beam 
and electronic photographing processing. 

More recently, in order to obtain higher image form- 
ing speed, developments have been made to a digital 
copying machine adopting a multi-beam method in 
which a plurality of laser beams are generated and 
scanning is simultaneously carried out for a plurality of 
scanning lines with use of a plurality of beams. 

This kind of digital copying machine which adopts 
such a multi-beam method comprises a plurality of laser 
oscillators for generating laser beams, a multi-face rota- 
tion mirror such as a polygon mirror for reflecting the 
laser beams generated by the plurality of laser oscillator 
toward a photosensitive drum to scan the photosensi- 
tive drum with the laser beams, and an optical unit serv- 
ing as a light beam scanning device consisting mainly of 
a collimator lens and an f-e lens. 

However, in the structure of a conventional optical 
unit, it is very difficult to obtain an ideal positional rela- 
tionship between a plurality of light beams on a photo- 
sensitive drum (or a surface to be scanned). In order to 
obtain an ideal positional relationship, respective com- 
ponents as well as assembling thereof require high 
accuracy, and hence the cost of the device is increased 
Even if an ideal positional relationship is obtained 
the shape of a lens may vary slightly or the positional 
relationship between respective components may vary 
slightly due to circumferential changes, such as 
changes in temperature and humidity or time-based 
changes. Consequently, the positional relationship 
between light beams varies, and as a result a high qual- 
ity image cannot be formed. Therefore, to construct this 
Kind of optical system, it is necessary to adopt a struc- 
ture and components which are strong against changes 
as described above. In particular, as for lenses, a glass 
lens which is strong against circumferential changes 
and time-based changes is expensive so that the cost of 
the device is increased. 

In the following, defects in the multi-beam method 
which are caused when an image is formed with light 
beams whose passing positions are erroneously dislo- 
cated, will be explained with reference to FIGS 32A and 
32B and FIGS. 33 A and 33B. 

For example, in a case where character T" shown 
m FIG. 32A is formed, an image as shown in FIG. 32B 
is formed when a passing position of a light beam is 
erroneously dislocated from a predetermined position 



In the example of this figure, the passing position of a 
light beam b is shifted from its predetermined position 
so that the distance between light beam a and b is 
reduced while the distance between light beam b and c 
s is increased, among four light beams a and d used In 
other words, the dot interval changes in the sub-scan- 
ning direction. 

FIG. 33A shows an example of an image in which 
emission timings of respective light beams are not con- 
io trolled correctly. As is apparent from this figure, the 
image forming position in the main scanning direction is 
dislocated so that a longitudinal line cannot be formed 
straight. That is. the dots are shifted from each other in 
the main scanning direction. 
is FIG. 33 B shows an image in which neither the 
passing positions of light beams not the emission tim- 
ings are controlled correctly, defects in an image appear 
both in the sub-scanning direction and in the main scan- 
ning direction. 

so Thus, when an image is formed in a multi-beam 
method, light beam passing positions in the sub-scan- 
ning direction must be controlled so as to be arranged at 
predetermined intervals, and the emission timings of 
respective light beams must be controlled so as to align 
25 the image forming position in the main scanning direc- 
tion. 

An object of the present invention is to provide a 
light beam scanning apparatus and an image forming 
apparatus using the light beam scanning apparatus 
ao wherein the passing position of the beam can he pre- 
cisely detected with no special precision in assembling 
a optical system, and the position of the beam can be 
controlled at a predetermined position, even if some 
change occurs in the structure of the optical system due 
as to a variation in ambience or a variation with the passing 
of time. s 

Another object of the invention is to provide a light 
beam scanning apparatus and an image forming appa- 
ratus using the light beam scanning apparatus, wherein 
to even in a case where plural light beams are used the 
passing positions of the beams can be precisely 
detected with no special precision in assembling a opti- 
cal system, and the positional relationship among the 
beams on a scan surface to be scanned can be control- 
45 led in an ideal condition at all times. 

In order to achieve the above object, according to 
one aspect of the present invention, there is provided a 
light beam scan apparatus comprising: light beam gen- 
erating means for generating a light beam; scan means 
so for reflecting the light beam, generated by the light 
beam generating means, to a scan surface to be 
scanned, and for scanning the scan surface in a main 
scan direction and a sub-scan direction by means of the 
light beam; a plurality of fight detection means (SB to 
ss SF). arranged near the scan surface in the sub-scan 
direction, for receiving the light beam and outputting a 
corresponding signal; position determination means for 
determining, on the basis of the signal output from the 
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light detection means, the position in the sub-scan 
direction of the light beam scanned by the scan means; 
and control means for controlling the position in the sub- 
scan direction of the light beam scanned by the scan 
means on the scan surface at a predetermined position, 5 
on the basis of the determination result of the position 
determination means. 

In general, a plurality of light detection means, pro- 
vided in a light beam scanning apparatus, for confirming 
a beam scan position are arranged at an angle to a sub- 10 
scan direction. In the present invention, however, the 
plural light detection means are linearly arranged in the 
sub-scan direction at intervals of, e.g. 42.3 jim. Thus, 
the light detection means can be assembled in such an 
apparatus with a beam scanning apparatus, as an is 
image forming apparatus, with no special precision. The 
passing position of the beam can be precisely detected, 
and the position of the beam can be controlled at a pre- 
determined position, even if some change occurs in the 
structure of the optical system due to a variation in 20 
ambience or a variation with the passing of time. 

Besides, the plurality of light detection means com- 
prise a plurality of first light detection means arranged at 
regular intervals in the sub-scan direction of the light 
beam, and two second light detection means arranged 25 
outside both ends of the first light detection means in 
the sub-scan direction. Each of the second light detec- 
tion means is much greater in size than each of the first 
light detection means. The second light detection 
means is provided to detect the beam position, even 30 
when .the position of the beam in the sub-scan direction 
deviates greatly from its normal position. 

According to another aspect of the present inven- 
tion, there is provided a light beam scanning apparatus 
according wherein a plurality of the light beam generat- 35 
ing means are provided, and the scan means includes 
means for reflecting the light beams, generated by the 
plural light beam generating means, to the scan surface, 
and for scanning the scan surface in the main scan 
direction and sub-scan direction by means of the light 40 
beams. Middle positions between adjacent two of the 
light detection means coincide with target positions of 
the light beams in the sub-scan direction. This appara- 
tus further includes selection means for selecting one of 
the light beam generating means and causing the 45 
selected one to emit one light beam. The control means 
includes means for controlling the scan means such 
that the light beams scanned by the scan means pass 
over the target positions, on the basis of the determina- 
tion result of the position determination means. so 

Specifically, the light beam scanning apparatus of 
the present invention is applied to such an apparatus 
with a multi-beam optical system, as a printer, and the 
position of each beam in the sub-scan direction can be 
controlled. The error in beam position can be reduced 55 
to, e.g. 1 pm. 

This invention can be more fully understood from 
the following detailed description when taken in con- 



junction with the accompanying drawings, in which: 

FIG. 1 schematically shows the structure of a digital 
copying machine according to an embodiment of 
the present invention; 

FIG. 2 shows a positional relationship between the 
structure of an optical system unit and a photosen- 
sitive drum; 

FIG. 3 schematically shows the structure of a light 
beam position detector; 

FIG. 4 schematically shows sensor patterns of the 
light beam position detector; 
FIGS. 5A and 5B Illustrate inclinations of the light 
beam scan directions with respect to the light beam 
position detectors; 

FIG. 6 is a block diagram showing a control system 
relating mainly to the control of the optical system; 
FIG. 7 is a clock diagram for describing a light beam 
passing position control; 

FIG. 8 is a clock diagram for describing the light 
beam passing position control; 
FIGS. 9A to 9C show relationships between light 
beam passing positions and outputs of reception 
light patterns of a light beam position sensor, out- 
puts of a differential amplifier and an output of an 
integrator; 

FIG. 10 is a graph showing a relationship between 
the light beam passing position and the output of 
the A/D converter; 

FIG. 1 1 is a graph showing a relationship between 
the light beam passing position and the output of 
the A/D converter; 

FIG. 12 is a graph illustrating the operational reso- 
lution of a galvanomirror; 

FIG. 13 is a graph illustrating the operational reso- 
lution of a galvanomirror; 

FIG. 14 is a flow chart illustrating the general oper- 
ation of a printer unit at the time of switch-on; 
FIG. 1 5 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 1 6 is a llow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 17 is a flow chart illustrating a light beam pass- 
ing position control routine; 

FIG. 18 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 19 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 20 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 21 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 22 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 23 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 24 is a flow chart illustrating a light beam pass- 
ing position control routine; 
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FIG. 25 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 26 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 27 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 28 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 29 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 30 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIG. 31 is a flow chart illustrating a light beam pass- 
ing position control routine; 
FIGS. 32A and 32B illustrate an image defect 
occurring when an image is formed by using a dis- 
located light beam; and 

FIGS. 33A and 33B illustrate an image defect 
occurring when an image is formed by using a dis- 
located light beam. 

An embodiment of the present invention will now be 
described with reference to the accompanying draw- 
ings. 

FIG. 1 shows the structure of a digital copying 
machine as an image forming apparatus which adopts a 
light beam scanning device according to an embodi- 
ment of the present invention. Specifically, this digital 
copying machine comprises a scanner section 1 or 
image reading means and a printer section 2 or image 
forming means. The scanner section 1 comprises a first 
carriage 3 and a second carriage 4 which are movable 
in the arrow direction in the figure, an image lens 5, and 
a photoelectric conversion element 6. 

In FIG. 1, an original O is placed on an original 
mount 7 made of transparent glass such that the origi- 
nal faces downwards. The original O aligned with a 
mount index which is the center of the shorter side of 
the original mount 7 in the right-hand side in the figure 
is pressed against the original mount 7 by an openable 
fixing cover 8. 

The original O is illuminated by a light source 9 and 
the reflection light therefrom is converged onto a light 
receiving surface of the photoelectric conversion ele- 
ment 6. by mirrors 10, 1 1 and 12 and an imaging lens 5. 
The first carriage 3 equipped with the light source 9 and 
the mirror 10 and the second carriage 4 equipped with 
the mirrors 1 1 and 12 are moved at a relative speed of 
2:1 such that the length of the light path is maintained to 
be constant. The first and second carriages 3 and 4 are 
moved by a carriage drive motor (not shown) from the 
right-hand side to the left-hand side in synchronization 
with a read timing signal. 

As has been described above, an image of the orig- 
inal O placed on the original mount 7 is sequentially 
read in units of a line by the scanner section 1. An out- 
put obtained by thus reading the image is converted to 
8-bit digital image signals representing gradation of the 



image by an image processing section (not shown). 

The printer section 2 comprises an optical unit 13 
and an image forming section 14 adopting an electronic 
photographing method in which an image can be 

5 formed on a paper sheet P as a medium on which an 
image is formed. Specifically, image signals read out 
from the original O by the scanner section 1 are proc- 
essed by the image processing section (not shown), 
and thereafter are converted into laser beams (hereinaf- 

io ter referred to as simply light beams') from semicon- 
ductor laser oscillators. 

Although the structure of the optical unit 13 will be 
specifically described later, a plurality of semiconductor 
laser oscillators provided in the unit carry out emission 

75 operation in accordance with laser modulation signals 
output from the image processing section (not shown). 
The light beams output from the oscillators are reflected 
by a polygon mirror to form scanning light beams which 
are output to the outside of the unit. 

so A plurality of light beams output from the optical unit 
13 are imaged as spotted scanning light beams having 
a resolution necessary for an exposure position X on a 
photosensitive drum 15 as an image carrying member, 
and thus scanning and exposing are performed. As a 

25 result of this, an electrostatic latent image is formed on 
the photosensitive drum 15 in accordance with image 
signals. 

In the periphery of the photosensitive drum 15, 
there are provided an electric charger 16 for electrically 

30 charging the surface of the drum, a developer device 
17, a transfer charger 18. a separation charger, a 
cleaner 20, and the like. The photosensitive drum 15 is 
rotated at a predetermined circumferential speed by a 
drive motor (not shown), and is electrically charged by 

35 the electric charger 1 6 provided so as to face the sur- 
face of the drum. A plurality of light beams (or scanning 
light beams) are spotted on an exposure position X on 
the charged photosensitive drum 1 5, thereby forming an 
image. 

40 An electrostatic latent image formed on the photo- 
sensitive drum 1 5 is developed with toner (or developer) 
supplied from the developer device 17. A toner image 
formed on the photosensitive drum 15 by developing is 
transferred by the transfer charger 18 at a transfer posi- 

45 tion onto a paper sheet P fed from a sheet supply sys- 
tem at a certain timing. 

The sheet supply system sequentially supplies 
paper sheets P in a sheet supply cassette 21 provided 
at a bottom position, while the sheets P are being sepa- 

so rated from one another by a sheet supply roller 22 and 
a separation roller 24, and is fed to a transfer position at 
a predetermined timing. In the downstream side of the 
transfer charger 18, there are provided a sheet con- 
veyer mechanism 25, a fixing device 26, and delivery 

55 rollers 27 for discharging the sheets P with the formed 
images. Therefore, a paper sheet P on which a toner 
image has been transferred is fed out onto an external 
sheet supply tray 28 through the delivery rollers 27, 
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after the toner image is fixed by the fixing device 26. 

A cleaner 20 removes toner remaining on the sur- 
face of the photosensitive drum 15 from which a toner 
image has been transferred onto a paper sheet P, and 
the drum thereby recovers an initial condition in a stand- 
by condition. 

Image forming operation is continuously performed 
by repeating the processing operation as described 
above. 

As has been described above, data is read out from 
the original O placed on the original mount 7 by the 
scanner section 1, and the data thus read is subjected 
. to a series of processing at a printer section 2. Thereaf- 
ter, the data is recorded as a toner image on the paper 
sheet P. 

The optical unit 1 3 will now be described. 

FIG. 2 shows the structure of the optical unit 13 and 
the positional relationship between the unit 13 and the 
photosensitive drum 1 5. The optical unit 13 includes, for 
example, four semiconductor laser oscillators 31a, 31b, 
31c and 31d, and each of the oscillators performs image 
formation for one scanning line at the same time, so that 
high speed image formation is realized without 
extremely increasing the rotation speed of the polygon 
mirror. 

The laser oscillator 31a is driven by a laser driver 
32a. A light beam output from therefrom passes through 
a coffimator lens (not shown) and thereafter strikes on a 
galvanomirror 33a. The light beam reflected by the gal- 
vanomirror 33a passes through half-mirrors 34a and 
43b and falls on a polygon mirror 35 serving as rota- 
tional polygonal mirror. 

The polygon mirror 35 is rotated at a constant 
speed by a polygon motor 36 driven by a polygon motor 
driver 37. In this manner, the light beam reflected by the 
polygon mirror 35 swings such that scanning is per- 
formed in a constant direction at an angle speed 
depending on the rotation speed of the polygon motor 
36. The scanning light beam swung by the polygon mir- 
ror 35 passes through an f-e lens, thereby scanning the 
light receiving surface of a light beam position detector 
38, which serves as light beam passing position detec- 
tor means, and the photosensitive drum 15, owing to the 
f-e characteristics of the f-e lens. 

The laser oscillator 31b is driven by a laser driver 
32b. A light beam outputted therefrom passes through a 
collimator lens (not shown) and is thereafter reflected by 
a galvanomirror 33b and further by an half-mirror 34a. 
The light beam reflected, by the half-mirror 34a passes 
through an half-mirror 34b and strikes on the polygon 
mirror 35. The route of the light beam after the polygon 
mirror 35 is the same as that of the beam from the laser 
oscillator 31a, i.e. the light beam passes through an f-0 
lens (not shown), thereby scanning the light receiving 
surface of the light beam position detector 38 and the 
photosensitive drum 15. 

The laser oscillator 31c is driven by a laser driver 
32c. A light beam outputted therefrom passes through a 



collimator lens and is thereafter reflected by a galva- 
nomirror 33c. The light beam further passes through a 
half-mirror 34c, is reflected by a half-mirror 34b. and 
then falls on the polygon mirror 35. The route of the light 

5 beam after the polygon mirror 35 is the same as that of 
the beams of the laser oscillators 31a and 31b, i.e. the 
light beam passes through an f-6 lens, thereby scanning 
the light receiving surface of the light beam position 
detector 38 and the photosensitive drum 15. 

io The laser oscillator 31 d is driven by a laser driver 
32d. A light beam outputted therefrom passes through a 
collimator lens (not shown) and is thereafter reflected by 
a galvanomirror 33d. The light beam is further reflected 
by half-mirrors 34c and 34b, and falls on the polygon 

is mirror 35. The route of the light beam after the polygon 
mirror 35 is the same as that of the beams of the laser 
oscillators 31a, 31b and 31c, i.e. the light beam passes 
through an f-e lens (not shown), thereby scanning the 
light receiving surface of the light beam position detec- 

20 tor 38 and the photosensitive drum 1 5. 

Thus, light beams outputted from individual laser 
oscillators 31a, 31b, 31c and 31d are synthesized by 
half-mirrors 34a. 34b and 34c so that four light beams 
travel in the direction toward the polygon mirror 35. 

25 Therefore, the photosensitive drum 15 can be 
simultaneously scanned with four light beams so that an 
image can be recorded at a speed four times higher 
than in a conventional single light beam on condition 
that the polygon mirror 35 is rotated at an equal rotation 

30 speed. 

The galvanomirrors 33a, 33b, 33c and 33d are used 
to adjust (or control) the positional relationship between 
light beams in the sub-scanning direction, and are 
respectively connected to galvanomirror drive circuits 
35 39a, 39b, 39c and 39d. 

The light beam position detector 38 serves to detect 
passing positions and passing timings of four light 
beams, and is provided near an end portion of the pho- 
tosensitive drum 15 such that the light receiving surface 
40 of the detector 38 is situated at a level equal to the sur- 
face of the photosensitive drum 15. On the basis of a 
detection signal from the light beam position detector 
38, control of the galvanomirrors 33a to 33d (i.e. control 
of image forming positions in the sub-scanning direc- 
ts tion), control of emission power (i.e. intensity) of the 
laser oscillators 31a to 31d, as well as control of emis- 
sion timings (i.e., control of image forming positions in 
the main scanning direction) are respectively performed 
in accordance with the light beams, although the details 
so of the control will be described later. The light beam 
position detector 38 is connected to a light beam detec- 
tor processing circuit 40, in order to generate signals for 
performing the control as described above. 

The beam position detector 38 will now be 
55 described. 

FIG. 3 shows the relationship between the structure 
of the beam position detector 38 and the scanning 
direction of the light beams. The beams from the four 
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laser oscillators 31a to 31d are made to scan from the 
left to the right by the rotation of the polygon mirror 35, 
thus crossing the beam sensor 38. 

The light beam position detector 38 has elongated 
patterns S1 and S2, as well as sensor (light reception) 
patterns SA. SB, SC, SD, SE, SF and SG interposed 
between the patterns S1 and S2. 

As is shown in FIG. 3, the sensor patterns S1 and 
S2 are elongated in a direction (sub-scan direction) per- 
pendicular to the main scan direction so that the light 
beam made to scan by the polygon mirror 35 may cross 
the sensor patterns S1 and S2 without fail, irrespective 
of the angles of the galvanomirrors 33a to 33d. For 
example, in this embodiment, the dimension of each 
sensor pattern S1 , S2 in the beam scan direction is 200 
jim while the dimension thereof in the beam sub-scan 
direction is 2000 jim. 

The sensor patterns SA to SG, as shown in FIG. 3, 
are arranged in a stacking fashion between the sensor 
patterns S1 and S2. The dimension of these sensor pat- 
terns in the beam scan direction is 600 pm, and small 
gaps are provided among the sensor patterns. 

FIG. 4 is an enlarged view of the sensor patterns 
SA to SG of the beam position detectors. 

The sensor patterns SB to SF are patterns for 
adjusting the pitch of light beams. The sensor patterns 
SB to SF have rectangular pattern shapes of. e.g. 32.3 
x 600 pm, and small gaps of 10 jim are provided in the 
beam sub-scan direction. Accordingly, the pitch 
between the gaps is 42.3 pm. In addition, the gap 
between the sensor patterns SA and SB and between 
the sensor patterns SF and SG is set at 10 jim. 

A control operation using the output of the beam 
position sensor 38 will be described later in detail. It 
should be noted, however, that the gaps provided at the 
pitch of 42.3 pm serve as targets for setting the passing 
positions of beams a to d at a predetermined pitch (42.3 
urn in this embodiment). Specifically, the gap G (B-C) 
defined by sensor patterns SB and SC serves as the 
target for the passing position of the beam a; the gap G 
(C-D) defined by sensor patterns SC and SD serves as 
the target for the passing position of the beam b; the 
gap G (D-E) defined by sensor patterns SD and SC 
serves as the target for the passing position of the beam 
c; and the gap G (E-F) defined by sensor patterns SE 
and SF serves as the target for the passing position of 
the beam d. 

The features of the beam position detector 38 hav- 
ing the above-described sensor patterns will now be 
described with reference to FIGS. 5A and 5B. 

As has been described above, the beam position 
detector 38 is situated near the end portion of photosen- 
sitive drum 15 or at the position where the beam 
reflected by the polygon mirror 35 is radiated, such that 
the light reception surface of the detector 38 is situated 
on an axis extended from the surface of the photosensi- 
tive drum 15. In order to exactly detect the passing posi- 
tions of beams by means of the beam position detector 



38 situated as described above, it is necessary that the 
respective sizes of the sensor patterns are aligned per- 
pendicular or parallel to the beam passing direction. 
However, the beam position detector 38 is actually 

5 mounted at some inclination to the ideal position. 

To solve this problem, in the beam position detector 
38 of this invention, the sensor patterns- are arranged 
such that detection points for detecting the beam pass- 
ing positions are aligned in the beam sub-scan direc- 

w tion. Thereby, even if the beam position detector 38 is 
mounted at some inclination, the error in detection pitch 
can be limited to a minimum. 

Furthermore, an integration circuit is added to a cir- 
cuit for processing the output of the beam position 

15 detector 38. though this will be described later in detail. 
Thus, even if the beam position detector 38 is inclined, 
the influence on the detection result of the beam pass- 
ing positions can be limited to a minimum. 

The length of each of the sensor patterns SA and 

20 SG in the beam sub-scan direction is much greater than 
that of each of the sensor patterns SB to SF. In this 
embodiment, the length of the sensor pattern SA, SG in 
the sub-scan direction is more than 20 times greater 
than the pitch (42.3 ^m) of the sensor patterns SB to SF. 

25 The reason is that the sensor patterns SB to SF are 
used to set the beam passing position within 1 jim from 
the target position while the sensor patterns SA and SG 
are used to generally determine the beam passing posi- 
tion. 

30 FIG. 5A shows the relationship between the sensor 
patterns and the beam passing positions in the case 
where the beam position detector 38 of the present 
invention is situated with an inclination to the beam scan 
direction. In FIG. 5A, however, this relationship is shown 

35 as if the beam scan direction is inclined. The scan lines 
of beams a to d are controlled at ideal intervals (pitch = 
42.3 urn). 

Control target points (indicated by circles in white) 
are set among the sensor patterns. The target points, as 

40 will be described later in detail, remain at the centers 
among the patterns even when the beams are made 
incident at an angle, by virtue of the advantages of inte- 
gration circuits. 

As is clear from FIG. 5A, the loci of scan lines con- 

45 trolled at ideal intervals (pitch = 42.3 pm) pass through 
substantially the central points of control targets on the 
sensor patterns. In other words, even when the beam 
position detector 38 is mounted at a small angle, the 
influence on the detection precision is very small. 

so For example, when the beam position detector 38 is 
mounted at an angle of 5° to the beam scan lines, the 
beam scan position pitch, which is normally to be set at 
42.3 miti, is set at 42.14 pm in consideration of a detec- 
tion error of the beam position detector 38 due to the 

55 inclination. In this case, the error is about 0.16 pm 
(0.38%). If the pitch is controlled in this manner, the 
influence on the image quality is very small. Although 
not described in detail, the value of the pitch can be eas- 
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ily calculated by using a trigonometric function. 

If the sensor patterns of the beam position detector 
38 of the present invention is used, the beam scan posi- 
tions can be exactly detected even if the beam position 
detector 38 is mounted with a slight inclination. s 

FIG. 5B shows an example of the conventional sen- 
sor patterns of a beam position detector 70 tor achiev- 
ing the same function as the beam position detector 38 
of this invention. 

In the case where such conventional sensor pat- 
terns are adopted, the beam passing positions cannot 
exactly be detected if the sensor patterns are slightly 
inclined with respect to the beam scan directions. The 
reason is that the sensor patterns (S3*, S4*. S5*. S6*: * 
= a and b) for detecting the beam passing positions are 
arranged at a distance in the beam scan direction. The 
greater the distance between the sensor patterns in the 
beam scan direction, the greater the detection error for 
a sensor pattern. 

FIG. 5B, like FIG. 5A, shows loci of scan lines con- 
trolled at ideal intervals (pitch = 42.3 *im), on the 
assumption that the beam position detector 38 is 
mounted with an inclination. As is obvious from FIG. 5B, 
the conventional beam position detector 70 requires 
much higher precision in mounting position than the 
beam position detector 38 of this invention as shown in 
FIG. 5A. 

Suppose that the beam position detector 70 shown 
in FIG. 5B, like the beam position detector 38 shown in 
FIG. 5A, is mounted with an inclination of 5° and the dis- 
tance between the sensor patterns S3a and S3b, on the 
one hand, and the sensor patterns S6A and S6b, on the 
other, is 900 pm. In this case, the control target point of 
the beam d is dislocated from the ideal position by 78.34 
pm. This value is much greater than the target control 
pitch of 42.3 pm and adversely affects the image quality 
very seriously. In the case where the beam position 
detector 70 is used, very high sensor mounting preci- 
sion is required at least with respect to the inclination to 
the beam scan direction. 

In order to solve this problem in the prior art, it is 
necessary to reduce the sensor pattern width (W) in the 
beam scan direction as much as possible and locate the 
beam passing position detection points as close as pos- 
sible in the beam scan direction, even though the sensi- 
tivity of the sensor is sacrificed to some extent. 
Furthermore, in order to compensate the deficiency in 
sensitivity of the sensor, it is necessary to increase the 
power of the laser oscillator or decrease the rotation 
speed of the polygon motor at the time of detecting the so 
beam passing positions. 

The control system of this invention will now be 
described. 

FIG. 6 shows the structure of the control system 
mainly for the multi-beam optical system in the digital ss 
copying machine. A main control unit 51 performs the 
general control of the optical unit and comprises, for 
example, a CPU (central processing unit). The main 



control unit 51 is connected to a memory 52, a control 
panel 53, an external communication interface (l/F) 54, 
laser drivers 32a to 32d, a polygon mirror motor driver 
37, galvanomirror drive circuits 39a to 39d, a beam 
position detector output processor 40, a sync circuit 55 
and an image data interface (l/F) 56. 

The sync circuit 55 is connected to the image data 
l/F 56. The image data l/F 56 is connected to an image 
processor 57 and a page memory 58. The image proc- 
essor 57 is connected to a scanner unit 1. The page 
memory 58 is connected to an external interface (l/F) 
59. 

The flow of image data at the image formation will 
now be described in brief. 

In the copying operation mode, as described above, 
the image on the original O set on the original mount 7 
is read by the scanner unit 1 and sent to the image proc- 
essor 57. In the image processor 57, the image signal 
from the scanner unit 1 is subjected to, for example, 
well-known shading correction, filtering processes, gray 
scale processing, gamma correction, etc. 

The image data from the image processor 57 is 
delivered to the image data l/F 56. The image data l/F 
56 distributes the image data to the four laser drivers 
32a to 32d. The sync circuit 55 generates clocks in syn- 
chronism with the timing of the light beams passing over 
the beam position detector 38. In synchronism with the 
clocks, the image data is supplied from the image data 
l/F 56 as laser modulation signals to the laser drivers 
32a to 32d. Since the image data is transferred in syn- 
chronism with the scanning of the beams, the image for- 
mation can be performed in correct synchronism (at 
correct positions) in the scan direction. 

The sync circuit 55 includes a sample timer and a 
logic circuit. The sample timer controls the power of 
each beam by forcibly activating the laser oscillators 
31a to 31d in non-image areas. The logic circuit acti- 
vates the laser oscillators 31a to 31d on the beam posi- 
tion detector 38 according to the order of the beams, 
thereby to establish the image, formation timing of the 
beams. 

The control panel 53 is a man-machine interface for 
starting the copying operation, setting the number of 
copies, etc. 

The present digital copying machine can perform 
not only the copying operation but also the image forma- 
tion of image data input from the outside via the external 
l/F 59 connected to the page memory 58. The image 
data input from the external l/F 59 is temporarily stored 
in the page memory 58 and then delivered to the sync 
circuit 55 via the image data l/F 56. 

When the digital copying machine is externally con- 
trolled by means of a network, etc., the external commu- 
nication l/F 54 serves as control panel 53. 

The galvanomirror drive circuits 39a to 39d drive 
the galvanomirrors 33a to 33d in accordance with 
instruction values generated from the main control unit 
51. Thus, the main control unit 51 can freely control the 
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angles of the gafvanomirror 33a to 33d by using the gal- 
vanomirror drive circuits 39a to 39d. 

The polygon motor driver 37 drives the polygon 
motor 36 for rotating the polygon mirror 35 for causing 
the above-mentioned four light beams to scan. The s 
main control unit 51 can instruct the polygon motor 
driver 37 to start/stop and switch the rotation speed of 
the polygon motor 36. The rotation speed of the polygon 
motor 36 is made lower than a predetermined value, 
where necessary, in order to confirm the passing posi- 
tions of the beams by means of the beam position 
detector 38. 

The laser drivers 32a to 32d, as mentioned above, 
produce laser beams in accordance with the laser mod- 
ulation signals synchronized with the beam scanning 
generated from the sync circuit 55. In addition, the laser 
drivers 32a to 32d, upon receiving forcible emission sig- 
nals from the main control unit 51, activate the laser 
oscillators 31a to 3ld, irrespective of the image data. 

The main control unit 51 sets, by means of the laser 
drivers 32a to 32d, the light emission power of the laser 
oscillators 31a to 31d. The light emission power is var- 
ied in accordance with a change in process conditions 
or detection results of the beam passing positions. 

The memory 52 stores information necessary for 
the control operations. For example, the memory 52 
stores data on the control of galvanomirrors 33a to 33d 
and on the order of incoming light beams. Thereby, the 
optical unit 13 can be immediately set in the image for- 
mation state, after the power is tuned on. 

The beam passing (scanning) position control will 
now be described in detail. 

FIG. 7 shows the relationship among the beam 
position detector 38 for controlling the beam passing 
positions, beam position detector output processor 40, 
main control unit 51, galvanomirror drive circuits 39a to 
39d, galvanomirrors 33a to 33d, laser drivers 32a to 
32d, polygon motor driver 37 and polygon motor 36. 

As has been described above, pulse signals indi- 
cating the passing of beams are produced from the sen- 
sor patterns S1 and S2. In addition, signals 
corresponding to the beam passing positions are pro- 
duced independently from the sensor patterns SA to 
SG. 

As is shown in FIG. 7, the independent signals from 
the sensor patterns SA to SG are input to and amplified 
by amplifiers A to G. The amplification factors are desig- 
nated by the CPU built in the main control unit 51. 

The amplified output signals from the sensor pat- 
terns SA to SG are input to a selection circuit (analog 
switch) 41 . The selection circuit 41 selects a signal to be 
input to an integrator 42 in accordance with an instruc- 
tion from the main control unit (or CPU) 51. The sensor 
pattern output selected by the selection circuit 41 is 
input to and integrated by the integrator 42. 

On the other hand, a pulse. signal from the sensor 
pattern S1 is also input to the integrator 42. The pulse 
signal from the sensor pattern S1 resets the integrator 



42. When the input of this pulse signal is completed, the 
integrator 42 is permitted to start a new integration oper- 
ation. Although described later in detail, the integrator 
42 has functions of removing noise and eliminating an 
influence of inclination in mounting position of the beam 
position detector 38. 

An output from the integrator 42 is input to an A/D 
converter 43. The A/D conversion operation of the A/D 
converter 43 is started by the pulse signal from the sen- 
sor pattern S2. Specifically, the A/D conversion opera- 
tion is started at the timing at which the beam passes 
through the sensor pattern S2. 

As has been described above, the integrator 42 is 
reset by the pulse signal from the sensor pattern S1 
immediately before the light beams have passed over 
the sensor patterns SA to SG for detecting the beam 
passing positions, and at the same time the integration 
operation is started. While the beams are passing over 
the sensor patterns (SA to SG) for sensing the beam 
passing positions, the integrator 42 integrates signals 
indicating the beam passing positions. Immediately 
after the beams have passed over the sensor patterns 
(SA to SG), the integration result of the integrator 42 is 
A/D converted by the A/D converter 43, with the pulse 
signal from the sensor pattern S2 supplied as a trigger 
signal. Thus, the noise-free sensor signal, from which 
the influence of the inclination in mounting position of 
the beam position detector 38 has been eliminated, can 
be converted to a digital signal. 

The A/D converter 43, which has completed the 
A/D conversion, outputs an interrupt signal (INT) indi- 
cating the completion of the A/D conversion process to 
the main control unit 51. 

Thus, the digitally converted beam position detec- 
tion signal from the beam position detector 38 is input to 
the CPU of the main control unit 51, thereby determin- 
ing the passing position of the beam. 

On the basis of the beam position detection signal, 
the main control unit 51 calculates control amounts for 
the galvanomirrors 33a to 33d, and the calculated 
results are stored in the memory 52, where necessary. 
The main control unit 51 delivers the calculated results 
to the galvanomirror drive circuits 39a to 39d. 

As is shown in FIG. 7, the galvanomirror drive cir- 
cuits 39a to 39d are provided with latches 44a to 44d for 
holding the data of the calculated results. On the data is 
written in the latches 44a to 44d by the main control unit 
51, the latches 44a to 44d maintain the data until the 
data is updated. The data held in the latches 44a to 44d 
is converted to analog signals (voltage) by D/A convert- 
ers 45a to 45d and input to drivers 46a to 46d for driving 
the galvanomirror 33a to 33d. The drivers 46a to 46d 
drive the galvanomirror 33a to 33d in accordance with 
the analog signals (voltage) input from the D/A convert- 
ers 45a to 45d. 

In the present embodiment, only one of the ampli- 
fied output signals from the sensor patterns SA to SG is 
selected by the selection circuit (analog switch) 41 and 
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integrated, and the integrated output is A/D converted. 
Thus, all output signals from the sensor patterns SA to 
SG cannot be input to the main control unit 51 at the 
same time. Consequently, in a state in which the pass- 
ing positions of the beams are not specified, it is neces- 
sary to successively operate the analog switch 
(selection circuit) 41 and supply the output signals from 
all the sensor patterns SA to SG to the main control unit 
51, thereby to determine the passing positions of the 
beams. 

However, once the passing positions of the beams 
have been recognized, the passing positions of the 
beams can be estimated unless the galvanomirror (33a 
to 34d) are excessively moved. Therefore, there is no 
need to input the output signals from all sensor patterns 
to the main control unit (CPU) 51. This process will be 
described later in detail with reference to flow charts. 

FIG. 8 shows an example using, in place of the dif- 
ferential amplifiers for amplifying differences between 
output signals from adjacent two of the sensor patterns 
SB to SF. As is shown in FIG. 8, output signals from sen- 
sor patterns SB and SC are supplied to a differential 
amplifier B-C; output signals from sensor patterns SC 
and SD are supplied to a differential amplifier C-D; out- 
put signals from sensor patterns SD and SE are sup- 
plied to a differential amplifier D-E; and output signals 
from sensor patterns SE-SF are supplied to a differen- 
tial amplifier E-F. These differential amplifiers amplify 
the differences between the input signals. 

Outputs from these differential amplifiers (B-C, C-D, 
D-E and E-F) are input to the selection circuit (analog 
switch) 41 , as in the preceding example. The flow of the 
signals from the selection circuit 41 is the same as in the 
example shown in FIG. 7. 

FIGS. 9A to 9C illustrate the relationship among the 
beam passing positions, the outputs from the beam 
position detector 38, the outputs from the differential 
amplifiers (B-C, C-D, D-E and E-F), and the output 1rom 
the integrator 42 in the operation of the circuit shown in 
FIG. 8. A detailed description of the operation of the cir- 
cuit shown in FIG. 7 may be omitted since this circuit dif- 
fers from that shown in FIG. 8 in that the differential 
amplifiers are not provided and the output from one sen- 
sor pattern is amplified, integrated and A/D converted. 

FIG. 9 A illustrates a case where the light beam 
passes a just middle point between the sensor patterns 
SB and SC. FIG. 9B illustrates a case where the light 
beam passes a point closer to the sensor pattern SB, as 
compared to the case illustrated in FIG. 9A. FIG. 9C 
illustrates a case where the beam position detector 38 is 
mounted with an inclination to the beam passing direc- 
tion. The output from the beam position detector 38, the 
output from the differential amplifier (B-C) and the out- 
put from the integrator 42 will now be described with 
respect to each case. 

In the case of FIG. 9A, at first, the light beam 
crosses the sensor pattern S1, and a pulse signal is out- 
put from the sensor pattern S1 . As is shown in FIG. 9A, 



the pulse signal resets the output of the integrator 42 to 
"0V Accordingly, when the beam crosses the sensor 
pattern S1, the previous detection result is reset, and a 
new detection result is integrated. 

5 When the light beam passes through the middle 
point between the sensor patterns SB and SC, the out- 
puts from the sensor patterns SB and. SC are equal to 
each other, as shown in FIG. 9A. However, since the 
outputs from sensor patterns are very small, a small 

10 amount of noise component may be superimposed, as 
shown in FIG. 9A. 

Such output signals are input to the differential 
amplifier B-C and a difference therebetween is ampli- 
fied. When the outputs from the sensor patterns SB and 

75 SC are substantially equal, the output from the differen- 
tial amplifier B-C is substantially zero, as shown in FIG. 
9A, but a small amount of noise component may be 
superimposed. The differential amplification result thus 
obtained is input to the integrator 42 through the selec- 

20 tion circuit (analog switch) 41 . 

The integrator 42 integrates the output from the dif- 
ferential amplifier B-C and outputs the integration result 
to the A/D converter 43. As is shown in FIG. 9A, noise 
components has been removed from the output from 

25 the integrator 42. The reason is that a high-frequency 
noise component superimposed on the differential 
amplification result is removed by the integration. As 
described above, at the same time as the light beam 
has passed over the sensor patterns SB and SC, the 

30 difference in outputs from the sensor patterns SB and 
SC is amplified and integrated, and then input to the A/D 
converter 43. 

On the other hand, the output from the sensor pat- 
tern S2 is input to the A/D converter 43. Specifically, a 

35 pulse signal, as shown in FIG. 9A, is output from the 
sensor pattern S2 to the A/D converter 43, when the 
light beam has passed over the sensor patterns SB and 
SC. With the pulse signal received as a trigger, the A/D 
converter 43 starts to A/D convert the output of the inte- 

40 grator 42. Accordingly, the A/D converter 43 can timely 
convert the high S/N analog information on the beam 
passing position, from which the noise component has 
been removed, to a digital signal. 

The operation of the circuit in FIG. 9B is basically 

45 the same as that of the circuit in FIG. 9A However, 
since the beam passing position deviates towards the 
sensor pattern SB, the output from the sensor pattern 
SB is greater by the degree of deviation and the output 
from the sensor pattern SC is smaller. Thus, the output 

so from the differential amplifier B-C deviates to the posi- 
tive side accordingly. Like the case of FIG. 9A, the inte- 
grator 42 is reset when the beam passes over the 
sensor pattern S1. Then, the differential amplification 
result is input to the integrator 42. The integrator 42 

55 gradually increases the output thereof, as long as the 
input (i.e. the output from the differential amplifier B-C) 
to the integrator 42 is on the positive side. When the 
input (i.e. the output from the differential amplifier B-C) 
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has restored to zero, the integrator 42 keeps this value. 
Thus, the output from the integrator 42 represents the 
deviation of the beam passing position. 

In the same manner as in the case of FIG. 9A. the 
A/D converter 43 A/D converts the integration result at 
the timing the light beam passes over the sensor pattern 
S2. Thus, the correct beam passing position is timely 
converted to digital information. 

The operation of the circuit in FIG. 9C is basically 
the same as those in FIGS. 9A and 9B. However, since 
the light beam passes over the beam position detector 
38 in a slanting direction, the outputs from the sensor 
patterns SB and SC. the output from the differential 
amplifier B-C and the output from the integrator 42 are 
characterized accordingly. 

As is shown in FIG. 9C, the light beam, after pass- 
ing over the sensor pattern S1 , enters the region of the 
sensor patterns SB and SC at an angle from the pattern 
SC side. Then, the beam passes over substantially the 
middle point between the sensor patterns SB and SC 
and goes out of the region of the sensor patterns SB 
and SC at an angle toward the sensor pattern SB. In this 
case, the output from the sensor pattern SB is low 
immediately after the incidence of the beam and then 
gradually increases as the beam is passing, as shown 
in FIG. 9C. On the other hand, the output from the sen- 
sor pattern SC is high immediately after the incidence of 
the beam and then gradually decreases as the beam is 
passing. 

The output from the differential amplifier B-C, to 
which such outputs from the sensor patterns SB and Sc 
have been input, is high on the negative side just after 
the incidence of the beam, and then gradually 
decreases. When the beam has passed over the middle 
point between the sensor patterns SB and SC, the out- 
put from the differential amplifier B-C becomes substan- 
tially zero. Then, the output gradually increases on the 
positive side and takes a maximum positive value just 
before the beam has passed the sensor patterns SB 
and SC. 

The output from the integrator 42, to which the out- 
put of the differential amplifier B-C has been input, 
increases on the negative side just after the incidence of 
the beam. The value on the negative side continues to 
increase until the output from the differential amplifier B- 
C becomes zero. When the output from the differential 
amplifier B-C turns to the positive side, the negative 
value of the output of the integrator 42 decreases. Then 
the output of the integrator 42 becomes substantially 
zero when the beam has passed over the sensor pat- 
terns SB and SC. 

Although the light beam crosses the beam position 
detector 38 in a slanting direction, it is considered that 
the beam passes through the middle point between the 
sensor patterns SB and SC on average. When the light 
beam has passed over the sensor pattern S2, the A/D 
converter 43 starts the A/D conversion operation. In this 
case, the integrated value is zero and also the digital 



data indicating the beam passing position is zero. In 
other words, it is considered that the beam has passed 
through the middle point between the sensor patterns 
SB and SC. 

5 The relationship among the beam passing position, 

the outputs from sensor patterns S1, S2, SB and SC, 
the output from the differential amplifier B-C, the output 
from the integrator 42 and the operation of the A/D con- 
verter 43 has been described. The operations of the 

10 sensor patterns SC, SD, SE and SF and differential 
amplifier C-D, D-E and E-F are basically the same as 
those of the sensor patterns SB and SC and differentia! 
amplifier B-C and thus a description of the respective 
operations may be omitted. 

75 The relationship between the beam passing posi- 
tion and the output from the A/D converter 43 will now 
be described with reference to FIGS. 10 and 11. 

The ordinate of the graph of FIG. 10 indicates the 
magnitude of the output of the A/D converter (12 bit) 43 

20 as shown in FIG. 7, and the abscissa indicates the 
passing positions of the beams. As regards the beam 
passing positions on the abscissa, the beam passing 
position closer to the left-hand end indicates that the 
beam passes through a position closer to the sensor 

25 pattern SG, and the beam passing position closer to the 
right-hand end indicates that the beam passes through 
a position closer to the sensor pattern SA. 

For example, when the light beam has passed just 
above the sensor pattern SC, the outputs from the 

30 amplifiers A, E, F and G are 0O0H (minimum), as seen 
from the graph of FIG. 10. The output of the amplifier C 
takes a maximum value (FFFH) since the light beam 
passes through the center of the sensor pattern SC. 
The outputs from both adjacent amplifiers B and D are 

35 about 1/5 of the maximum output. 

For example, when the light beam passes over a 
point which deviates slightly from the center of the sen- 
sor pattern SC toward the sensor pattern SD, the output 
of the amplifier D increases and the outputs of the 

40 amplifiers B and C decrease. By monitoring the outputs 
of the amplifiers, the passing position of the light beam 
can be recognized. The lower part of FIG. 10 shows the 
relationship between the sensor patterns of the beam 
position sensor 38 for indicating the beam passing posi- 

45 tions, on the one hand, and the beam passing positions, 
if the target passing positions of the light beams a 
to d are indicated on the graph showing the output char- 
acteristic graph of the amplifiers (A to G) in relation to 
the beam passing positions, the target passing position 

so of the beam a is located at the very middle point 
between the sensor patterns SB and SC, where the out- 
puts from the amplifiers B and C are equalized. Simi- 
larly, the target passing positions of the beams b, c and 
d are located at the very middle points between the sen- 

55 sor patterns SC and SD, between the sensor patterns 
SD and SE and between the sensor patterns SE and 
SF. At these middle points, the outputs from the amplifi- 
ers C and D, from the amplifiers D and E and from the 
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amplifiers E and F are equalized. 

The relationship among the outputs from the A/D 
converter 43, which are obtained when the differential 
amplifiers (B-C, C-D, D-E and E-F) are used as shown 
in FIG. 8, will now be described with reference to FIG. s 
1 1 . Like the case of FIG. 7, the amplifiers A and G are 
used for the sensor patterns SA and SG. 

The output from the differential amplifier (B-C, C-D, 
D-E and E-F) may have either a positive value or a neg- 
ative value. In this case, the output from the A/D con- 10 
verter 43 may vary as follows. When the output of the 
differential amplifier (B-C, C-D, D-E and E-F) has a pos- 
itive value, the A/D converter 43 outputs values (A/D 
conversion values) from 000H (minimum value) to 7FFH 
(maximum value) as the output from the differential is. 
amplifier increases. 

On the other hand, when the output of the differen- 
tial amplifier (B-C, C-D, D-E and E-F) has a negative 
value, the A/D converter 43 outputs values (A/D conver- 
sion values) from 800H (minimum value) to FFFH (max- 20 
imum value). In the case of the values on the negative 
side, the A/D conversion value with a large absolute 
value (close to the FFFH) indicates that the output of the 
integrator 42 is dose to zero, i.e. the target value. On 
the other hand, the A/D conversion value with a small 25 
absolute value (close to 800H) indicates that the output 
of the integrator 42 has a large negative value. 

A detailed description will now be given of the case 
where the output of the differential amplifier B-C associ- 
ated with the sensor patterns SB and SC is A/D con- 30 
verted by the A/D converter 43. 

The output of the sensor pattern SB is connected to 
a positive terminal of the differential amplifier B-C. and 
the output of the sensor pattern SC is connected to a 
negative terminal of the differential amplifier B-C. As is 35 
shown in FIG. 1 1, the output from the differential ampli- 
fier B-C takes a maximum value when the light beam 
passes near the center of the sensor pattern SB, and 
the A/D conversion value from the A/D converter 43 is 
7FFH. The reason is that the output from the sensor 40 
pattern SB becomes maximum near the center. 

When the light beam deviates from this position 
either toward the sensor pattern SA side or toward sen- 
sor pattern SC side, the A/D conversion value (output of 
differential amplifier B-C) decreases. 45 

In addition, when the beam passing position has 
deviated toward the sensor pattern SA, neither the sen- 
sor pattern SB nor SC is able to detect the passage of 
the beam, and the A/D conversion value (output of dif- 
ferential amplifier B-C) becomes substantially zero. so 

By contrast, when the beam passing position has 
deviated toward the sensor pattern SC, the A/D conver- 
sion value (output from differential amplifier B-C) gradu- 
ally decreases. The A/D conversion value becomes 
zero when the beam passes over the very middle point ss 
between the sensor patterns SB and SC. The reason is 
that the outputs from the sensor patterns SB and SC 
are equalized. In the present embodiment, this point is 



the target passing position of the light beam a. 

When the beam passing point deviates toward the 
sensor pattern SC, the output of the differential amplifier 
B-C has a negative value, and the A/D conversion value 
varies from 000H to FFFH. Then, the A/D conversion 
value gradually decreases. Besides, if the beam pass- 
ing position becomes close to the center of the sensor 
pattern SC, the output of the differential amplifier B-C 
takes a maximum negative value, and the A/D conver- 
sion value becomes 800 H. 

When the beam passing position deviates toward 
the sensor pattern SD, the output of the differential 
amplifier B-C has a smaller negative value and the A/D 
conversion value increases from 800H. At last, the A/D 
conversion value varies from FFFH to 000H. The rea- 
son is that the beam passing position deviates toward 
the sensor pattern SD (SE) side excessively and neither 
the sensor pattern SB nor SC is able to detect the pass- 
ing of the beam, so that both outputs from the sensor 
patterns SB and SC becomes zero and no difference 
arises therebetween. 

The control characteristics of the galvanomirror 33 
will now be described. 

FIGS. 12 and 13 show the relationship between the 
data delivered to the galvanomirror drive circuits 39a to 
39d and the light beam passing positions on the beam 
position detector 38 (i.e. on the photosensitive drum 
15). As is shown in FIGS. 7 and 8. the input signals to 
the D/A converters 45a to 45d of galvanomirror drive cir- 
cuits 39a to 39d have 16-bit construction. 

FIG. 12 shows the state of variation of the beam 
passing position, which is associated with the upper 8 
bits of the input 1 6-bit signal. As is shown in FIG. 1 2, the 
beam passing position varies in the range of 2000 fim (2 
mm) in relation to data 00H to FFH. The inputs near 00H 
and FFH are out of the range of responsivity of the gal- 
vanomirror 33, and the beam passing position is 
unchanged. 

However, in the range of inputs between 18H and 
E8H, the beam passing position varies substantially lin- 
early in relation to these inputs. As to the ratio of varia- 
tion, 1 LSB corresponds to about 1 0 jim. 

FIG. 13 shows the state of variation of the beam 
passing position, which is associated with the lower 8 
bits of the input 16-bit signal to the D/A converter 65 of 
galvanomirror drive circuit 39. It should be noted that 
FIG. 13 shows the state of variation of the beam pass- 
ing position, which is associated with the lower 8 bits, in 
the case where the value of the range, within which the 
beam passing position linearly varies, is input as the 
upper 8 bits. As is clear from the figure, the beam pass- 
ing position varies within the range of about 10 in 
relation to data between 00H to FFH in association with 
the lower 8 bits. 1 LSB corresponds to 0.04 pm. 

In this manner, the main control unit 51 delivers 16- 
bit data to the galvanomirror drive circuits 39. Thereby, 
the beam passing position on the beam position detec- 
tor 38 or the photosensitive drum 1 5 can be moved with 
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the resolution of about 0.04 urn within the range of 
about 2000 >im (2 mm). 

The operation of the printer unit 2 at the time of 
power on will now be generally described with reference 
to the flow chart of the flow chart. A description of the 
scanner unit 1 is omitted. 

When the copying machine is switched on, the main 
control unit 51 rotates the fixing rollers in the fixing 
device 26 and starts the heating control for the fixing 
device 26 (S1, S2). The beam passing position control 
routine in the sub-scan direction is executed, and the 
beam passing position is controlled at a predetermined 
position (S3). 

If the beam passing position is correctly controlled, 
synchronisation in the main scan direction is estab- 
lished. At the same time, APC (auto-power control) is 
carried out by a hardware structure so that each light 
beam can be emitted with a desired power (S4). Then, 
the photosensitive drum 15 is rotated, and process- 
related initialization is effected (S5). For example, the 
conditions of the surface of photosensitive drum 15 are 
regulated. 

After the series of initialization steps have been 
completed, the fixing rollers are kept rotating until the 
temperature of the f ixing device 26 rises up to a prede- 
termined level, and the copying machine is set in the 
standby state (S6). When the temperature of the fixing 
device 26 has reached a predetermined level, the rota- 
tion of the fixing rollers is stopped (S7) and a copying 
instruction is awaited (S8). 

In the copying instruction wait state (S8), the beam 
passing position control routine is executed, then, if, for 
example, 30 minutes have passed (S9). the beam pass- 
ing position control routine is executed once again 
(S10). Thereafter, the copying machine waits for a cop- 
ying instruction once again (S8). 

When the main control unit 51 receives a copying 
(printing) instruction through the control panel 53, it car- 
ries out a copying operation. At the time of performing 
the copying operation, a so-called intersheet process (a 
process to be carried out between image formation of 
one original and image formation of the next original), 
i.e. the beam passing position control in this embodi- 
ment, is performed. 

Specifically, if the copying instruction is received, 
the passing position of the light beam is detected to per- 
form the beam passing position control (S1 1). Then, it is 
determined whether the magnitude of deviation of the 
. beam passing position is greater than a predetermined 
value L (S1 2). If the deviation is greater than the prede- 
termined value L, the beam passing position control is 
performed (S13). After the beam position control, the 
copying operation is performed once (S14). If the devia- 
tion of the beam passing position is less than the prede- 
termined value in step S12, the copying operation is 
performed without carrying out the position control. 
Then, it is determined whether the copying instruction is 
continued (S8). If the copying instruction is continued, 



the position control and copying routine in the steps S1 1 
to S14 are executed successively. Thereby, the light 
beam is controlled during the operation of the copying 
machine, without waiting for a special instruction from 

5 the operator. 

The beam passing position control routine in steps 
S3 and S10 in FIG. 14 will now be generally described 
with reference to FIG. 15. 

At first, the main control unit 51 activates the poly- 

10 gon motor 36 and rotates the polygon mirror 35 at a pre- 
determined rotational speed (S20). 

The main control unit 51 reads out from the mem- 
ory 52 control values (to be described later) of the gal- 
vanomirrors 33a to 33d set in the previous beam 

75 position control, and drives the galvanomirrors 33a to 
33d on the basis of the control values (S21). 

Then, the main control unit 51 turns on the light 
beam a alone and controls the passing position of the 
beam a (S22). In this position control, the passing posi- 

20 tion of the light beam a is detected, and it is determined 
whether the passing position is within a prescribed 
value range. If the detected passing position is not 
within the prescribed value range, the angle of the gal- 
vanomirror 33a is altered. If the detected passing posi- 

25 tion is within the prescribed value range, a flag 
indicating that the passing position of the beam a is 
within the prescribed value range is set. 

Subsequently, the main control unit 51 detects the 
passing positions of the light beams b, c and d, like the 

30 beam a, and determines whether each of the passing 
positions of these beams is within the prescribed value 
range. If the passing positions are not within the pre- 
scribed value range, the associated galvanomirrors 33b 
to 33d are altered. If the detected passing positions are 

35 within the prescribed value range, flags indicating that 
the passing positions of the beams are within the pre- 
scribed value range are set (S23, S24, S25). 

After the passing positions of the beams (a, b, c, d) 
are controlled, the main control unit 51 examines the 

40 flags and determines whether the beam passing posi- 
tion control should be finished (S26). Specifically, if all 
flags are set, the beam position control is finished. If any 
one of the flags is not set, the control returns to step 
S22 and the passing position control of each light beam 

45 is performed. 

The operations of galvanomirrors (33a to 33d) in 
the above control flow will now be described in brief. 

As has been described above, the angles of the 
galvanomirrors (33a to 33d) are altered on the basis of 

so the control values supplied from the main control unit 
51, thereby varying the passing positions of the scan- 
ning beams. However, the angles of the galvanomirrors 
are not necessarily controlled immediately in response 
to the instructions from the main control unit 51 . Specif- 

55 ically, a time period on the order of "ns" or Vs" is 
needed from the time the control data is output from the 
main control unit 51, latched in the latches (44a to 44d) 
and D/A converted by the D/A converters (45a to 45d), 
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and to the time drive signals proportional to the magni- 
tude of the D/A converted data are output from the driv- 
ers (46a to 46d). On the other hard, the response time 
of the galvanomirrors (33a to 33d) used, e.g. in the 
present embodiment is on the order of 4-5 ms. 

In this context, the response time refers to a time 
period from the time the angle of the galvanomirror (33a 
to 33d) begins to be varied by a new drive signal and 
moved (oscillated), to the time the movement (oscilla- 
tion) is stopped and the galvanomirror rests at the new 
angle. Thus, in order for the main control unit 51 to con- 
firm the control result after new control data is delivered 
to the galvanomirror (33a to 33d), the main control unit 
51 needs to confirm the beam passing position after at 
least the response time. 

In the present invention, the control result of the 
galvanomirror is confirmed after the oscillation of the 
galvanomirror is sufficiently reduced. 

When the time needed for a single scan operation 
is 330 }is, 2.64 ms is required to acquire outputs from at 
least one amplifier or differential amplifier with respect 
to all surfaces (e.g. eight surfaces) of the polygon mirror 
35 in steps S22, S23, S24 and S25. Accordingly, after, 
e.g. the galvanomirror a is controlled and the angle 
thereof begins to vary, the passing positions of the three 
beams b to d are detected (and/or each galvanomirror is 
controlled), and then the passing position of the light 
beam a is detected. In order to detect the passing posi- 
tions of the beams b to d, at least 7.92 ms is required. 
Since the movement (oscillation) of the galvanomirror is 
already stopped within 7.92 ms, the mirror control result 
is confirmed in this state. Thus, the position detection of 
one light beam is performed in a cycle of at least 10.56 
ms. Outputs of the amplifier or differential amplifier are 
acquired for ail the surfaces of the polygon mirror 35, 
because inclination of the surfaces of the polygon mirror 
(i.e. influence of inclination of mirror surfaces from ideal 
angles) needs to be eliminated. 

The operation of each control step differs between 
the system shown in FIG. 7 and that in FIG. 8. Thus, the 
operations of the individual systems will now be 
described in detail. 

FIGS. 16 and 17 are flow charts for describing in 
detail the operations in step S22 in FIG. 15 with respect 
to the system shown in FIG. 7. That is, FIGS. 16 and 17 
are flow charts for describing the passing position con- 
trol of the light beam a in the case of using the system 
shown in FIG. 7. As has been described above, FIG. 10 
shows the relationship between the beam passing posi- 
tion and the A/D conversion output in the system of FIG. 
7. Thus, FIG. 10 will also be referred to. 

At first, the main control unit 51 forcibly activates 
the laser oscillator 31a to emit light (S301). Thereby, the 
light beam a is made to cyclically scan over the beam 
position detector 38 by the rotation of the polygon mirror 
35. 

The main control unit 51 then reads A/D converted 
values of the outputs from the amplifiers (A to G) in 



accordance with interrupt signals (INT) output from the 
A/D converter 43. In general, the scan positions of light 
beams slightly vary, depending on the respective sur- 
faces of the polygon mirror 35, because of inclinations 

5 of the surfaces. In order to eliminate the influence of the 
inclinations of the surfaces of the polygon mirror 35, it is 
desirable to read A/D converted values a number of 
times corresponding to the number of surfaces of poly- 
gon mirror 35 or an integer number of times of the 

10 number of surfaces of polygon mirror 35. The main con- 
trol unit 51 averages output values from the A/D con- 
verter 43 corresponding to the respective amplifiers, 
and recognizes the averaged result as the outputs of the 
amplifiers. 

is Accordingly, if the output values from the A/D con- 
verter 43 are read a number of times corresponding to 
the number (8) of surfaces of polygon mirror 35 with 
respect to the amplifiers A to G, it is necessary to make 
the light beams scan 56 times (S302). 

20 The main control unit 51 compares the obtained 
outputs of the amplifiers A to G (S303). It is determined, 
based on the comparison result, whether the output 
from the amplifier A is maximum (S304). If the output 
from the amplifier A is maximum, it is found that the 

25 passing position of the beam a is on the sensor pattern 
A or closest to the sensor pattern A. In other words, it is 
found that the light beam a passes over the area A in 
FIG. 10. Since the target passing position of the beam a 
is at the middle between the sensor patterns SB and 

30 SC, the galvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SG side 
(S305). 

The control amount (the amount of movement of 
the beam) in this case is set at about 120 jim. The rea- 

35 son is that the sensor patterns A and G are large pat- 
terns located on both sides of the area of control target 
points, as described with reference to FIGS. 3 and 4, 
and the beam passing position needs to be altered to a 
relatively great degree while the beam is passing over 

40 the sensor patterns A and G, in order to approach the 
beam passing position to the target point as quickly as 
possible. Even when the output of the amplifier A is 
maximum, if the light beam a is passing over a point 
near the area B, the beam passing position may be 

45 altered excessively. However, in consideration of the 
total efficiency, the amount of movement of such a 
degree is necessary. 

If the output from the amplifier A is not maximum in 
step S304, it is then determined whether the output 

so from the amplifier G is maximum (S306). The outputs 
from the sensor patterns A and G located at opposite 
ends are first examined, because this achieves efficient 
control. 

If the output from the amplifier G is maximum, it is 
55 found that the passing position of the beam a is on the 
sensor pattern G or closest to the sensor pattern G. In 
other words, it is found that the light beam a passes over 
the area G in FIG. 10. In this case, the galvanomirror 
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33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 
(S307). The control amount (amount of movement) in 
this case needs to be about 160 pm, which is greater 
than the case of step S305. 

If the output from the amplifier G is not maximum in 
step S306, the main control unit 51 determines whether 
the output from the arrplifier F is maximum (S308). 

If the output from the amplifier F is maximum, it is 
found that the passing position of the beam a is on the 
sensor pattern F or closest to the sensor pattern F. In 
other words, it is found that the light beam a passes over 
the area F in FIG. 10. In this case, the galvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 
(S309). The control amount (amount of movement) in 
this case needs to be about 120 jim in consideration of 
the distance between the target point and the area F. 

If the output from the amplifier F is not maximum in 
step S308, the main control unit 51 determines whether 
the output from the amplifier E is maximum (S310). 

If the output from the amplifier E is maximum, it is 
found that the passing position of the beam a is on the 
sensor pattern E or closest to the sensor pattern E. In 
other words, it is found that the light beam a passes over 
the area E in FIG. 10. In this case, the valvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
die point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 
(S311). The control amount (amount of movement) in 
this case needs to be about 80 jim in consideration of 
the distance between the target point and the area E. 

If the output from the amplifier E is not maximum in 
step S3 10, the main control unit 51 determines whether 
the output from the amplifier D is maximum (S312). 

If the output from the amplifier D is maximum, it is 
found that the passing position of the beam a is on the 
sensor pattern D or closest to the sensor pattern D. In 
other words, it is found that the light beam a passes over 
the area D in FIG. 10. In this case, the valvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 
(S313). The control amount (amount of movement) in 
this case needs to be about 40 jim in consideration of 
the distance between the target point and the area D. 

If the output from the amplifier D is not maximum in 
step S3 12, the output from the amplifier B or the output 
from the amplifier C is maximum. Now consider the final 
target control point. The ideal passing point of the light 
beam a is the very middle point between the sensor pat- 
terns SB and SC, at which the outputs from the amplifi- 



ers B and C are equalized, as mentioned above. 
However, it is very difficult to make the passing point of 
the beam a coincide exactly with the ideal passing point, 
and in this case a long time is needed for control. Thus, 

5 in the present embodiment, only the precision of ±1 pm 
from the ideal point is required. The reason is that if the 
beam passing position is controlled within this range, no 
problem arises on actual images. 

The main control unit 51 finds the difference 

10 between the outputs of the amplifiers B and C (i.e. the 
difference between A/D conversion values) and deter- 
mines whether the difference is C0H or less. The value 
of C0H corresponds to the distance of 1 ^m on images 

(53 14) . 

is If the difference between the outputs of the amplifi- 
ers B and C (i.e. the difference between NO conversion 
values) is C0H or less, it is found that the passing posi- 
tion of the beam a is within the predetermined range. 
Thus, a control completion flag A indicating the comple- 
te tion of control of galvanomirror 33a is set (S322). 

On the other hand, if the difference between the 
outputs of the amplifiers B and C (i.e. the difference 
between A/D conversion values) is not C0H or less, it is 
found that the passing position of the beam a is not 
25 within the predetermined range. It is thus necessary to 
further determine the passing position of the light beam 
a. For this purpose, the main control unit 51 determines 
whether the output from the amplifier C is maximum 

(53 15) . 

30 If the output from the amplifier C is not maximum, it 
is found that the output from the amplifier B is maxi- 
mum, that is, the light beam a passes over the area B. 
In this case, the main control unit 51 compares the out- 
puts from the amplifiers A and C and determines 

35 whether the passing position of the light beam a is 
located on the area BA or area BC (S316). 

If the output from the amplifier A is greater, it is 
found that the beam a passes over the area BA. In such 
a case, the valvanomirror 33a is controlled so that the 

ao light beam a may pass on the sensor pattern SG side 
and may approach the middle point between the sensor 
patterns SB and SC, which is the target passing position 
of the beam a (S317). The control amount (amount of 
movement) in this case needs to be about 20 jim in con- 

45 sideration of the distance between the target point and 
the area BA. 

tf the output from the amplifier C is greater than that 
from the amplifier A, it is found that the beam a passes 
over the area BC and that the current passing point of 

so the beam a is close to the target point. In such a case, 
the valvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SG side and 
may further approach the target point (S318). The con- 
trol amount (amount of movement) in this case needs to 

55 be about 0.5 ^im in consideration of the fact that the 
beam a is already close to the target point. 

If the output from the amplifier C is maximum in 
step S315, it is found that the output from the amplifier 
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C is maximum, that is, the light beam a passes over the 
area C. In this case, the main control unit 51 compares 
the outputs from the amplifiers B and D and determines 
whether the passing position of the light beam a is 
located on the area CB or area CD (S319). 

If the output from the amplifier D is greater than that 
from the amplifier B, it is found that the beam a passes 
over the area CD. In such a case, the galvanomirror 33a 
is controlled so that the light beam a may pass on the 
sensor pattern SA side and may approach the middle 
point between the sensor patterns SB and SC, which is 
the target passing position of the beam a (S321). The 
control amount (amount of movement) in this case 
needs to be about 20 nm in consideration of the dis- 
tance between the target point and the area CD. 

If the output from the amplifier B is greater than that 
from the amplifier D, it is found that the beam a passes 
over the area CB and that the current passing point of 
the beam a is close to the target point. In such a case, 
the galvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SA side and 
may further approach the target point (S320). The con- 
trol amount (amount of movement) in this case needs to 
be about 0.5 urn in consideration of the fact that the 
beam a is already close to the target point. 

When the light beam a does not pass within the 
range of ±1 jim from the ideal passing point (steps 
S305. S307, S309, S311, S313, S317, S318, S320. 
S321), the main control unit 51 controls the galvanomir- 
ror 33a by a predetermined amount and writes the con- 
trol amount in the memory 52 (S323). The control value 
(the added value of control values) written in the mem- 
ory 52 is referred to at the time of the beam passing 
position control, as in step S3, which is initially per- 
formed when power is turned on.. Thus, each galva- 
nomirror is controlled. 

As has been described above, the main control unit 
51 sets the control completion flag A indicating the com- 
pletion of control of the galvanomirror 33a when the 
beam a passes within the range of ±1 \im from the ideal 
passing point. When the beam a does not pass within 
the range of ±1 jim from the ideal passing point, the 
main control unit 51 sets the galvanomirror control 
amount in accordance with the beam passing position 
(area) and writes the control amount in the memory 52. 

Then, the main control unit 51 stops the forcible 
activation of the laser oscillator 31a and completes the 
series of the control operations for the passing position 
# ofthebeama(S324). 

As has already been described with reference to 
FIG. 15, when the control completion flag A for the gal- 
vanomirror 33a is not set, the passing position control 
routine for the beam a is executed once again. In other 
words, this routine is repeated until the beam a passes 
within the range of ±1 \xm from the ideal passing point. 

FIGS. 18 to 23 are flow charts illustrating the control 
operations for the light beams b to d. Although a 
detailed description of the respective control operations 



is omitted, these control operations are basically the 
same as the control operation for the light beam a. The 
laser oscillators 31b to 31d are forcibly activated, and 
the outputs from the amplifiers A to G are compared. If 

5 the beam passing positions are within the range of ±1 
pm from the ideal control pant, the control completion 
flags B to D indicating the completion of the control of 
galvanomirrors 33b to 33d are set up. If the beam pass- 
ing positions are not within this range, it is determined 

10 over which areas the fight beams (b to d) are passing 
and the galvanomirrors 33b to 33d are controlled 
according to the determined areas. The control values 
in this case are written in the memory 52. 

FIGS. 24 and 25 are flow charts illustrating in detail 

75 the operations in step S22 in FIG. 15 in connection with 
the system shown in FIG. 8. That is, FIGS. 24 and 25 
are flow charts for describing the passing position con- 
trol of the light beam a in the case of using the system 
shown in FIG. 8. As has been described above, FIG. 11 

20 shows the relationship between the beam passing posi- 
tion and the A/D conversion output in the system of FIG. 
8. Thus, FIG. 1 1 will also be referred to. 

At first, the main control unit 51 forcibly activates 
the laser oscillator 31 a to emit light (S701). Thereby, the 

25 light beam a is made to cyclically scan over the beam 
position detector 38 by the rotation of the polygon mirror 
35. 

The main control unit 51 then reads A/D converted 
values of the outputs from each amplifier and differential 

30 amplifier in accordance with interrupt signals (INT) out- 
put from the A/D converter 43. As has been described 
above, in general, the scan positions of light beams 
slightly vary, depending on the respective surfaces of 
the polygon mirror 35, because of inclinations of the sur- 

35 faces. In order to eliminate the influence of the inclina- 
tions of the surfaces of the polygon mirror 35, it is 
desirable to read A/D converted values a number of 
times corresponding to the number of surfaces of poly- 
gon mirror 35 or an integer number of times of the 

40 number of surfaces of polygon mirror 35. The main con- 
trol unit 51 averages output values from the A/D con- 
verter 43 corresponding to the respective amplifiers and 
differential amplifiers, and recognizes the averaged 
result as the outputs of the amplifiers and differential 

45 amplifiers (S702). Accordingly, if the output values from 
the A/D converter 43 are read a number of times corre- 
sponding to the number (8) of surfaces of polygon mir- 
ror 35 with respect to the amplifiers A and G and 
differential amplifiers B-C, C-D, D-E and E-F, it is neces- 

so sary to make the light beams scan 48 times. 

The main control unit 51 determines whether the 
obtained output of the amplifier A is greater than 100H 
(S703). 

If the output from the amplifier A is greater than 
55 100H, it is found that the passing position of the beam a 
is on the sensor pattern A or closest to the sensor pat- 
tern A. In other words, it is found that the light beam a 
passes over the area A in FIG. 11. Since the target 
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passing position of the beam a is at the middle between 
the sensor patterns SB and SC r the galvanomirror 33a 
is controlled so that the light beam a may pass on the 
sensor pattern SG side (S704). 

The control amount (the amount of movement of 
the beam) in this case is set at about 120 urn. The rea- 
son is that the sensor patterns A and G are large pat- 
terns located on both sides of the area of control target 
points, as described with reference to FIGS. 3 and 4, 
and the beam passing position needs to be altered to a 
relatively great degree while the beam is passing over 
the sensor patterns A and G, in order to approach the 
beam passing position to the target point as quickly as 
possible. Even when the output of the amplifier A is 
greater than 100H, if the light beam a is passing over a 
point near the sensor pattern SB, the beam passing 
position may be altered excessively. However, in consid- 
eration of the total efficiency, the amount of movement 
of such a degree is necessary. 

If it is determined in step S703 that the output of the 
amplifier A is not greater than 100H, it is then deter- 
mined whether the output of the amplifier G is greater 
than 100H (S705). The outputs from the sensor pat- 
terns A and G located at opposite ends are first exam- 
ined for the reason described with reference to FIG. 16. 
In addition, however, there is the following reason. In the 
case of the embodiment using the structure shown in 
FIG. 8, when the beam passing position is far from the 
target position, the output of the differential amplifier 
(differential amplifier B-C in this case) corresponding to 
the target position is almost zero. Consequently, it may 
be erroneously detected that the light beam is passing 
over the target position. In order to prevent such errone- 
ous detection, the general position of the light beam is 
first detected. 

If the output from the amplifier G is greater than 
100H, it is found that the passing position of the beam a 
is on the sensor pattern G or closest to the sensor pat- 
tern G. In other words, it is found that the light beam a 
passes over the area G in FIG. 1 1 . In this case, the gal- 
vanomirror 33a is controlled so that the light beam a 
may pass on the sensor pattern SA side and may 
approach the middle point between the sensor patterns 
SB and SC, which is the target passing position of the 
beam a (S706). The control amount (amount of move- 
ment) in this case needs to be about 120 urn, like the 
control in step S704. 

When it is determined in step S705 that the output 
from the amplifier G is not greater than 100H. the main 
control unit 51 determines whether the output value of 
the differential amplifier E-F (i.e. A/D conversion value) 
is 800H or more, that is. whether the output of the differ- 
ential amplifier E-F has a negative value in the graph of 
FIG. 11 (S707). 

If the output value of the differential amplifier E-F 
(i.e. A/D conversion value) is 800H or more, it is found 
that the passing position of the beam a is near the sen- 
sor pattern F. In other words, it is found that the light 



beam a passes over the area F in FIG. 1 1. In this case, 
the galvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SA side and 
may approach the middle point between the sensor pat- 

5 terns SB and SC, which is the target passing position of 
the beam a (S708). The control amount (amount of 
movement) in this case needs to be about 120 urn, in 
consideration of the distance between the target point 
and the area F. 

io When it is determined in step S707 that the output 
value of the differential amplifier E-F (i.e. A/D conver- 
sion value) is not 800H or more, the main control unit 51 
determines whether the output value of the differential 
amplifier D-E (i.e. A/D conversion value) is 800H or 

75 more (S709). 

If the output value of the differential amplifier D-E 
(i.e. A/D conversion value) is 800H or more, it is found 
that the passing position of the beam a is near the sen- 
sor pattern E. In other words, it is found that the light 

20 beam a passes over the area E in FIG. 1 1. In this case, 
the galvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SA side and 
may approach the middle point between the sensor pat- 
terns SB and SC, which is the target passing position of 

25 the beam a (S710). The control amount (amount of 
movement) in this case needs to be about 80 urn, in 
consideration of the distance between the target point 
and the area E. 

When it is determined in step S709 that the output 

30 value of the differential amplifier D-E (i.a A/D conver- 
sion value) is not 800H or more, the main control unit 51 
determines whether the output value of the differential 
amplifier C-D (i.e. A/D conversion value) is 800H or 
more (S71 1). 

35 If the output value of the differential amplifier C-D 
(i.e. A/D conversion value) is 800H or more, it is found 
that the passing position of the beam a is near the sen- 
sor pattern D. In other words, it is found that the light 
beam a passes over the area D in FIG. 1 1. In this case, 
40 the galvanomirror 33a is controlled so that the light 
beam a may pass on the sensor pattern SA side and 
may approach the middle point between the sensor pat- 
terns SB and SC. which is the target passing position of 
the beam a (S712). The control amount (amount of 
45 movement) in this case needs to be about 40 jim, in 
consideration of the distance between the target point 
and the area D. 

When it is determined in step S711 that the output 
value of the differential amplifier C-D (i.e. A/D conver- 
se sion value) is not 800 H or more, the main control unit 51 
determines whether the output value of the differential 
amplifier B-C (i.e. A/D conversion value) is greater than 
400H and is 7FFH or less (S713). 

If the output value of the differential amplifier B-C 
55 (i.e. A/D conversion value) is greater than 400H and is 
7FFH or less, it is found that the passing position of the 
beam a is near the middle point between the sensor pat- 
terns SB and SC, which is the target passing position, 
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but slightly deviates towards the sensor pattern SB. In 
other words, it is found that the light beam a passes over 
the area BA in area B. In this case, the galvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SG side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 
(S714). The control amount (amount of movement) in 
this case needs to be about 10 urn, in consideration of 
the distance between the target point and the area D. 

When it is determined in step S71 3 that the output 
value of the differential amplifier B-C (i.e. A/D conver- 
sion value) is neither greater than 400H nor 7FFH or 
less, the main control unit 51 determines whether the 
output value of the differential amplifier B-C (i.e. A/D 
conversion value) is greater than 60H and is 400H or 
less (S715). 

If the output value of the differential amplifier B-C 
(i.e. A/D conversion value) is greater than 60H and is 
400H or less, it is found that the passing position of the 
beam a is near the middle point between the sensor pat- 
terns SB and SC, which is the target passing position, 
but slightly deviates towards the sensor pattern SB. In 
other words, it is found that the light beam a passes over 
the area BC in area B. In this case, the galvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SG side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 

(5716) . The control amount (amount of movement) in 
this case needs to be about 0.5 jim, in consideration of 
the distance between the target point and the area D. 

When it is determined in step S71 5 that the output 
value of the differential amplifier B-C (i.e. A/D conver- 
sion value) is neither greater than 60H nor 400H or less, 
the main control unit 51 determines whether the output 
value of the differential amplifier B-C (i.e. A/D conver- 
sion value) is greater than 800H and is AOOH or less 

(5717) . 

If the output value of the differential amplifier B-C 
(i.e. A/D conversion value) is greater than 800H and is 
AOOH or less, it is found that the passing position of the 
beam a is near the middle point between the sensor pat- 
terns SB and SC, which is the target passing position, 
but slightly deviates towards the sensor pattern SC. In 
other words, it is found that the light beam a passes over 
the area CD in area C. In this case, the galvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
dle point between the sensor patterns SB and SC, 
which is the target passing position of the beam a 

(5718) . The control amount (amount of movement) in 
this case needs to be about 10 pm, in consideration of 
the distance between the target point and the area D. 

When it is determined in step S717 that the output 
value of the differential amplifier B-C (i.e. A/D conver- 
sion value) is neither greater than 800H nor AOOH or 
less, the main control unit 51 determines whether the 



output value of the differential amplifier B-C (i.e. A/D 
conversion value) is greater than AOOH and is FAOH or 
less (S719). 

if the output value of the differential amplifier B-C 

5 (i.e. A/D conversion value) is greater than AOOH and 
FROH or less, it is found that the passing position of the 
beam a is near the middle point between the sensor pat- 
terns SB and SC, which is the target passing position, 
but sligthly deviates towards the sensor pattern SC. In 

io other words, it is found that the light beam a passes over 
the area CB in area C. In this case, the galvanomirror 
33a is controlled so that the light beam a may pass on 
the sensor pattern SA side and may approach the mid- 
dle point between the sensor patterns SB and SC, 

15 which is the target passing position of the beam a 
(S720). The control amount (amount of movement) in 
this case needs to be about 0.5 jim, in consideration of 
the distance between the target point and the area CB. 
When it is determined in step S719 that the output 

20 value of the differential amplifier B-C (i.e. A/D conver- 
sion value) is neither greater than AOOH nor FAOH or 
less, it is found that the passing position of the beam a 
is within the prescribed range (±1 \xm from the target 
point). Thus, the main control unit 51 sets the control 

25 completion flag A for the galvanomirror 33a (S721). 

When the light beam a does not pass within the 
range of ±1 urn from the ideal passing point (steps 
S704, S706. S708, S710. S712, S714, S716, S718. 
S720), the main control unit 51 controls the galvanomir- 

30 ror 33a by a predetermined amount and writes the con- 
trol amount in the memory 52 (S722). 

As has been described above, the main control unit 
51 sets the control completion flag A indicating the com- 
pletion of control of the galvanomirror 33a when the 

35 beam a passes within the range of ±1 jim from the ideal 
passing point. When the beam a does not pass within 
the range of ±1 jim from the ideal passing point, the 
main control unit 51 sets the galvanomirror control 
amount in accordance with the beam passing position 

40 (area) and writes the control amount in the memory 52. 
Then, the main control unit 51 stops the forcible 
activation of the laser oscillator 31a and completes the 
series of the control operations for the passing position 
of the beam a (S723). 

45 As has already been described with reference to 
FIG. 15, when the control completion flag A for the gal- 
vanomirror 33a is not set, the passing position control 
routine for the beam a is executed once again. In other 
words, this routine is repeated until the beam a passes 

so within the range of ±1 \xm from the ideal passing point. 

FIGS. 26 to 3 1 are flow charts illustrating the control 
operations for the light beams b to d. Although a 
detailed description of the respective control operations 
is omitted, these control operations are basically the 

55 same as the control operation for the light beam a. The 
laser oscillators 31b to 31 d are forcibly activated, and 
the outputs from the amplifiers A and G and differential 
amplifiers B-C, C-D, D-E and E-F are determined. If the 
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beam passing positions are within the range of ±1 prn 
from the ideal control point, the control completion flags 
B to D indicating the completion of the control of galva- 
nomirrors 33b to 33d are set up. If the beam passing 
positions are not within this range, it is determined-over 
which areas the light beams (b to dj are passing and the 
galvanomirrors 33b to 33d are controlled according to 
the determined areas. The control values in this case 
are written in the memory 52. 

According to the above-described embodiment, the 
beam position detector having the above-described 
sensor patterns are used. Thereby, the scan positions 
of the light beams can be exactly detected even If the 
precision in mounting angle of the beam position detec- 
tor is not high. 

In the digital copying machine using the multi-beam 
optical system, the passing positions of light beams are 
detected by the beam position detector situated on a 
level with the surface of the photosensitive drum. Based 
on the detected result, control amounts for optimally 
controlling the relative positions of the beams on the 
surface of the photosensitive drum are calculated. 
Based on the calculated control amounts, the galva- 
nomirrors are controlled to alter the relative positions of 
the beams on the surface of the photosensitive drum. 
Thereby, the positional relationship among the light 
beams on the surface of the photosensitive drum can be 
optimally controlled with no particular precision or 
adjustment for the assembly of the optical system, even 
if some change occurs in the structure of the optical 
system due to a variation in ambience or a variation with 
the passing of time. Therefore, high image quality can 
be maintained at all times. 

In the above-described embodiment, the present 
invention is applied to the digital copying machine using 
the multi-beam optical system. However, this invention 
is also applicable to various image forming apparatus 
other than the digital copying machine, for example, a 
high-speed printer, etc. 

Claims 

1 . A light beam scan apparatus characterized by com- 
prising: 

light beam generating means (31 a) for generat- 
ing a light beam; 

scan means (35, 34a to 34d) for reflecting the 
light beam, generated by the light beam gener- 
ating means, to a scan surface to be scanned, 
and for scanning the scan surface in a main 
scan direction and a sub-scan direction by 
means of the light beam; 
a plurality of light detection means (SB to SF), 
arranged near the scan surface in the sub-scan 
direction, for receiving the light beam and out- 
putting a corresponding signal; 
position determination means (40, 51) for 



determining, on the basis of the signal output 
from the light detection means, the position in 
the sub-scan direction of the light beam 
scanned by the scan means; and 

5 control means (51, 39a to 39d) for controlling 

the position in the sub-scan direction of the 
light beam scanned by the scan means on the 
scan surface at a predetermined position, on 
the basis of the determination result of the 

io position determination means. 

2. The apparatus according to claim 1 , characterized 
in that each of the light detection means (SB to SF) 
has such a shape that the dimension in the main 

75 scan direction of the light beams is greater than the 
dimension in the sub-scan direction of the beams. 

3. The apparatus according to claim 2, characterized 
in that the light detection means (SB to SF) are 

20 arranged in parallel at regular intervals in the sub- 
scan direction of the light beam. 

4. The apparatus according to claim 1 , characterized 
in that the plurality of light detection means com- 

25 prise a plurality of first light detection means (SB to 
SF) arranged at regular intervals in the sub-scan 
direction of the light beam, and two second light 
detection means (SA, SG) arranged outside both 
ends of the first light detection means in the sub- 

30 scan direction, and 

each of the second light detection means is 
greater in size than each of the first light detection 
means. 

35 5. The apparatus according to claim 4, characterized 
in that said position determination means includes 
means for first determining whether an output sig- 
nal from the second light detection means is greater 
than an output signal from the other light detection 

40 means among said plurality of light detection 
means. 

6. The apparatus according to claim 1 , characterized 
by further comprising first and second light beam 

45 passing detection means (S1 and S2), arranged 
outside both ends of the plurality of light detection 
means (SB to SF) in the main scan direction, for 
detecting the passing of the light beam scanned by 
the scan means, 

so wherein said position determination means 

(40) includes integration means (42) for integrating 
signals output from the plurality of light detection 
means, after the passing of the light beams is 
detected by the first light beam passing detection 

55 means, and 

said control means (51) includes means 
(S309) for controlling the position in the sub-scan 
direction of the light beam scanned by the scan 
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means on the scan surface, on the basis of an inte- 
gration value obtained by the integration means. 

7. The apparatus according to claim 6, characterized 

in that said integration means (42) starts an Integra- s 
tion operation after resetting the integration value 
by means of an output of the first fight beam pass- 
ing detection means. 

8. The apparatus according to claim .1, characterized 10 
in that said control means includes 

' moving means (39a) for moving, to a predeter- 
mined position, the position in the sub-scan 
direction of the light beam scanned by the is 
scanning means on the scan surface, on the 
basis of a determination result obtained by the 
position determination means, and 
instruction means (S26) for instructing the posi- 
tion determination means to determine once 20 
- again the position in the sub-scan direction of 
the light beam scanned by the scanning 
means, after a predetermined time period has 
passed since the moving means moved the 
position in the sub-scan direction of the light 25 
beam scanned by the scanning means on the 
scan surface. 

9. The apparatus according to claim 1 , characterized 

by further comprising first and second light beam so 
passing detection means (S1 and S2), arranged 
outside both ends of the plurality of light detection 
means in the main scan direction, for detecting the 
passing of the light beam scanned by the scan 
means, 35 

wherein said position determination means 
(40) includes (a) a plurality of differential amplifica- 
tion means (B-C, C-D,...) for differential-anplifying 
outputs from adjacent two of the light detection 
means, and (b) integration means (42) for integrat- 40 
ing outputs from the differential amplifiers after the 
passing of the light beam has been detected by the 
first light beam passing detection means, and 

said control means (51) includes means 
(S708) for controlling the position in the sub-scan 45 
direction of the light beam scanned by the scan 
means on the scan surface, on the basis of an inte- 
gration value obtained by the integration means 
(42). 

so 

10. The apparatus according to claim 1, characterized 
in that 

a plurality of said light beam generating means 
(31a to 31d) are provided, 55 
said scan means (35, 34a to 34d) includes 
means for reflecting the light beams, generated 
by the plural light beam generating means, to 



the scan surface, and for scanning the scan 
surface in the main scan direction and sub- 
scan direction by means of the light beams, 
middle positions between adjacent two of the 
light detection means coincide with target posi- 
tions of the light beams in the sub-scan direc- 
tion, 

said apparatus further includes selection 
means (S301) for selecting one of the light 
beam generating means and causing the 
selected one to emit one light beam, and 
said control means (51, 39a to 39d) includes 
means for controlling the scan means such that 
the light beams scanned by the scan means 
pass over the target positions, on the basis of 
the determination result of the position determi- 
nation means. 
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